DIMENSIONS OF
POLYELECTROLYTE CHAINS
WITH MULTIVALENT
COUNTERIONS
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described here, the method of zero-average-contrast small ancFIGURE 1. Full contrast SANS for NaP$S (filled) and MgPSS (unfilled) in
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neutron scattering (SANS) is used to overcome this barrier anc(q) 0.07 mol/L. Inset is log-log plot of peak position versus monomer

probe directly the most fundamental polymer property, the chaiconcentration.

dimension, as.a functlon of concentration and cgunterlon Valengglutions[Z]. The ZAC method requires matched pairs of deuter-
For low ionic strength polyelectrolyte solutions SANS

ated and hydrogenated polymers and a specific H-D solvent com-

shows a maximum at finite wavevector and a steep upturn at I();:\J’\c/)sition, but the charge concentration and counterions can be

angles; results that are dramatically different from those of neu-
changed over a broad range.

.tral. polymer.sollutlons[l]. There is no complete theory, only qual- Poly(styrene sulfonate) (PSS) with matched degree of
itative descriptions for these phenomena that appear for nearly al' o . .
olymerization and degree of sulfonation was obtained as deuter-

;:harggd rlnscrlomolicules. The s;tuatlon s ev§r|1 mtl)relcompl)hca{a)etgd PSS and hydrogenated PSS. The sodium salt of PSS was
or typical biological systems or for commercial polyelectrolyte purified by ion-exchange, dialysis, neutralization titration with

applications because of the presence of divalent or trivalent CONLOH or Mg(OH), and lyophilization. Figure 1 shows typical

terions. The specificity of interactions with multivalent ions is polyelectrolyte scattering (performed on the NG1 8 m SANS

critical to applications sth as Water treatment ar?d 0 bI0|Og'Ca‘llnstrument) in DO without added salt. Although qualitatively the
processes such as protein folding and DNA packing. Although

two sets are similar, including strong upturns at low g, the con-

the multlvalgnt cfounlterllons hlave drlan-watlc effects on th? StrL:(Ctuggntration dependence of the broad maxima is shown in the inset
and dynamics of polyelectrolyte solutions, experimental wor with g, cp°-46 for NaPSS an dpe_zg for MgPSS, wherepcis

thh S(.:atterlr;g 'S.bOtIh I.|m|ted an?}dn‘hcglt tlo mterpret..A maJT]r the monomer concentration. Peaks for the divalent counterion
impediment for simulations and theoretical interpretation is t epolymer are also shifted to lower g,

lack of an adequate description for the single chain structure and All of these features disappear under the zero-average-con-

dimension. The overwhelming effect of strong intramolecular a@ldast conditions. ZAC is achieved with an equimolar mixture of

|nr:ermoledculgr eIectrEstatlc mtgractmns gf t::e unsclre(?ned deuterated and hydrogenated polymer in a mixture, 6 #hd
charges dominates the scattering, even in dilute solution. D,0. The fraction of DO in the solution is set at the value nec-

The method of zero-average-contrast (ZAC) in small anglgssary to satisfy the “optical theta condition,” where the scatter-

neutron scattering provides a means to overcome this obstacleIng length densities of the hydrogenated and deuterated

and to measure single chain dimensions in dilute and semidilute



Yubao Zhang, Brett D. Ermi, and Eric J. Amis
Polymers Division

National Institute of Standards and Technology
Gaithersburg, MD 20899

0.5 T T T T T
[ )
‘ Na-PSS Mg-PSS
0.4 'o. Cp=0.26M —®—R =1150m —S—R=64mm 7
X Cp=0.13M —*—R;=1350m —%—R=74nm
_ 03¢t _
=
(&)
2
0.2 + |
01 |
“;“"‘:\o‘yv\‘o‘x‘/‘\\\‘ v“‘""‘_"‘x‘?‘“‘?{\ix‘-"ﬁ“\g‘
1 1 1 1 1

0.02 0.04 0.06 0.12

q/ i

FIGURE 2. ZAC scattering from Na and Mg polyelectrolyte solutions under
conditions of zero average contrast showing single chain scattering. Fits
are to the Dehye function.
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monomes ae equal and oppositéigure 2 displgs the sctier-
ing profiles from the ZAC solutions ér NaPSS and MgPS&adh
deceases monotonicglwith angle as epected 6r the inte-
patticle scdtering function,and eah is fit adequéely with a
Debye function.

Figure 3 shavs the \alues of pgtmer dain ladius of
gyration as a function of conceation for NaPSS and MgPSS
along with calculted estimges br the sie of a single loain with
degree of poymeiization of 300 underandom coil andad-like
configurations. For both systemghe dain dimension deeases
with increasing concerdtion with the MgPSStwains nedy a
factor of tvo smaller br eat concentation. While the monua-
lent counteion chains ae highly extended they are not @ the
rod-like limit. At the same timgboth systems armoe expanded
than the calculed ideal Gaussiarhain \alue This result implies
tha while the dvalent countéons induce a coil cordction thg
do not poduce a coil collpse or a coil-globle transition.

This stug demonsiates the pwer of the ero-average-
contrast method toxdract single bain information even in the
presence of stmg intemolecular inteactions.The methogdhere
used or dilute lav ionic stength solutionshas also beerpalied
to measug single bain dimensions in solutions igh concen
tration and with arbitary amounts of adied salts as needed to
explore the ange of real conditions impdant for
polyelectiolytes.
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FIGURE 3. Polyelectrolyte chain dimensions as a function of concentration
with comparison to model chain calculations.
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